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ABSTRACT 
  Heart rate variability (HRV) analyses can provide a non-invasive evaluation of 
cardiac autonomic activity. How autonomic control normally develops in childhood and how 
this is affected by obesity remains incompletely understood. In this review we examine the 
evidence that childhood age and weight status influence autonomic control of the heart as 
assessed using HRV. Electronic databases (Pubmed, EMBASE and Cochrane Library) were 
searched for studies examining HRV in healthy children from birth to 18 years who adhered 
to the Task Force (1996) guidelines. Twenty-four studies met our inclusion criteria. Seven 
examined childhood age and HRV. A reduction in 24-hour LF:HF was reported from birth to 
infancy (1 year), while overall HRV (SDNN) showed a marked and progressive increase. 
From infancy to early-to-late childhood (from 12 months to 15 years) LF:HF ratio was 
reported to decline further albeit at a slower rate, while RMSSD and SDNN increased. 
Twenty studies examined the effects of weight status and body composition on HRV. In a 
majority of studies, obese children exhibited reductions in RMSSD (n=8/13), pNN50% 
(n=7/9) and HF power (n=14/18), no difference was reported for LF (n=10/18), while LF:HF 
ratio was elevated (n=10/15). HRV changes during childhood are consistent with a marked 
and progressive increase in cardiac parasympathetic activity relative to sympathetic activity. 
Obesity disrupts the normal maturation of cardiac autonomic control.  
 
Key words: Heart rate variability, parasympathetic, sympathetic, child, obese 
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Abbreviations 
BMI - body mass index, HF - high frequency, HRV - heart rate variability, LF - low frequency , LF/HF - the low frequency to high 
frequency ratio, NN - normal-to- interval, NU - normalised units, pNN50% - proportion of RR intervals differing by >50 ms from previous 
RR interval, QIS- Quality index score, RMSSD - square root of the mean of the sum of successive differences, SDANN - standard deviation 
of 5 minute average RR interval over a 24 hour period, SDNN - standard deviation of all NN intervals, ST - short term, TINN - triangular 
interpolation of NN interval histogram.normal RR  
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1.1 BACKGROUND 
 
 Childhood obesity remains a global public health issue (WHO, 2010). Obesity raises 
the risk of developing chronic cardiovascular and metabolic disorders (Nguyen et al., 2008) 
and although previously considered as adult conditions their prevalence is on the rise in 
children (Whincup et al., 2002). Furthermore, once established in childhood these conditions 
have been reported to track to adulthood (Raitakari et al., 2003; Whincup et al., 2002). 
Autonomic dysfunction is prevalent in adults with cardiovascular disease and metabolic 
disorders (e.g., obesity, hypertension, type II diabetes) and contributes to the underlying 
pathophysiological processes (Abbound et al., 2012). In contrast to the wealth of data 
concerning the autonomic control of the heart in adult populations, much less work has been 
conducted in children. Thus, how cardiac autonomic control normally develops during 
childhood and how this may be affected by pathophysiological conditions, such as obesity, 
remains incompletely understood.  
Since the 1970s several metrics have been developed to quantify the beat-by-beat 
fluctuations in heart rate (Kleiger et al., 2005; Task Force, 1996). Such indices of heart rate 
variability (HRV) can provide a valuable non-invasive insight into cardiac autonomic control 
(Task Force, 1996) and have prognostic utility as an indicator of cardiovascular risk in adult  
(Dekker et al., 2000; Thayer et al., 2010; Tsuji et al., 1996) and paediatric (Lammers et al., 
2010) populations. Indeed, there is strong evidence to suggest that increased cardiac 
sympathetic drive is arrhythmogenic (Lown & Verrier, 1976), while high levels of cardiac 
parasympathetic are cardioprotective (Billman, 2006). HRV represents an attractive means of 
examining how age influences cardiac autonomic control in healthy children. An age-related 
alteration in HRV might be expected as a consequence of a multitude of mechanisms, 
including changes in heart rate, respiratory rate, growth and maturation, hormones, arterial 
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baroreflex sensitivity, body composition and life style. For example, heart rate typically falls 
with childhood age as heart size (e.g., left ventricular mass, stroke volume) increases relative 
to body size (Batterham et al., 1997; Dewey et al., 2008; de Simone et al., 1998; El-Sheikh, 
2005; Fleming et al., 2011; Porges et al., 2011), while respiratory frequency also falls 
between birth and adolescence (El-Sheikh, 2005; Fleming et al., 2011; Porges et al., 2011; 
Williams & Lopes, 2002). However, studies examining the influence of childhood age on 
cardiac autonomic control in healthy children appear to be largely equivocal and at present 
this important topic has not been subject to review.  
The physiological mechanisms regulating cardiac autonomic activity are complex and 
multi-factorial. Recent animal studies have identified a clear role for circulating pro-
inflammatory cytokines in evoking increases in sympathetic activity (Helwig et al., 2008; 
Niijima et al., 1991), reducing cardiovagal baroreflex sensitivity (Takagishi et al., 2010) and 
reducing HRV (Fairchild et al., 2009). Notably, obesity is characterised by low grade 
inflammation (Rodríguez-Hernández et al., 2013) and both obesity and plasma markers of 
inflammation are associated with impairments in cardiac autonomic function in adults 
(Soares-Miranda et al., 2012; Thayer et al., 2010; Thiyagarajan et al., 2012). In contrast to the 
extensive work conducted in adult populations, the effect of weight status on HRV in 
children remains less well understood.  
Given this background the purpose of this review is to determine how childhood age 
influences autonomic control of the heart as assessed using HRV analysis, and determine 
whether there is sufficient evidence to identify how this may be modified by weight status.  
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1.2 METHOD 
 The review protocol was carried out in accordance with the Centre for Reviews and 
Dissemination guidelines (2008).  
 
1.2.1 Review question and inclusion criteria 
 This review has two main objectives:   
Objective 1: Determine how childhood age influences HRV.  
Objective 2: Determine whether there is sufficient evidence to identify how weight status and 
body composition affect HRV in children. 
In accordance with the UN convention (UNICEF, 1989)
 
a child was defined as an 
individual under the age of 18 years. Studies were included only if participants had no history 
or symptoms of cardiovascular, pulmonary, metabolic, or neurological disease and were not 
taking over the counter or prescribed medication. Studies assessing age were included if they 
compared children of different ages, whilst those which made comparisons between a group 
of children and a group of adults were excluded. Adults were excluded for the reason that the 
focus of the review was to understand how cardiac autonomic control changes explicitly 
throughout childhood. Only studies which employed an objective measure of weight status 
(e.g., body mass index [BMI], waist circumference) or a measure of body fat percentage (e.g., 
skinfold measures, dual-energy X-ray absorptiometry) were included. 
 Studies which assessed at least one indices of HRV measurement in accordance with 
the guidelines provided by the Task Force of the European Society of Cardiology the North 
American Society of Pacing Electrophysiology (1996) were included. Both short-term (2-5 
minutes) and long-term (24 hours) indices of HRV were used to provide an indication of 
overall HRV, and the components associated with cardiac parasympathetic or sympathetic 
activity. Assessments of overall HRV included SDNN (standard deviation of all RR [NN] 
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intervals), SDANN (standard deviation of 5 minute average RR interval over a 24 hour 
period), HRV triangular index (total number of NN intervals divided by the number of NN 
intervals in the modal bin of the NN interval histogram) and TINN (baseline width of the NN 
interval histogram measured as a base of a triangle). Cardiac parasympathetic activity was 
evaluated using RMSSD (square root of the mean of the sum of successive differences), 
pNN50% (proportion of RR intervals differing by >50 ms from previous RR interval) and 
power spectral density at the high frequency range (HF, 0.15–0.4Hz) (Malliani et al., 1991; 
Pagani et al., 1997; Task Force, 1996). Power spectral density at the low frequency range 
(LF, 0.04–0.15 Hz) was used as a composite index of cardiac sympathetic and 
parasympathetic activity (Malliani et al., 1991; Pagani et al., 1997; Task Force, 1996), and 
the LF:HF ratio used to provide an evaluation of the relative contribution of the sympathetic 
and parasympathetic components to the autonomic control of the heart rate (Pagani et al., 
1997; Task Force, 1996). However, it is acknowledged that the use of ratio between LF and 
HF power spectral density as an estimate of so called ‘sympathovagal balance’ has been 
questioned, and that a satisfactory HRV derived index of cardiac sympathetic activity is 
lacking (Task Force, 1996 Taylor et al., 2006). 
 
1.2.2 Search Strategy  
 Pubmed, Embase, and Cochrane Database of Systematic Reviews were searched for 
articles published from May 1966 to July 2014. The following search terms were used: heart 
rate variability, autonomic nervous system, autonomic control of the heart, cardiovascular 
autonomic function/control, aging, ageing, pre-school, children, child, adolescent, pre-
pubertal young children, infants and obese. Searches were limited to those published in the 
English language to enable accurate interpretation of the results. A total of 8605 articles were 
identified. Following initial screening of titles and abstracts against the inclusion criteria 55 
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articles were identified and the full text screened in detail for eligibility by researchers 
(E.L.J.E, J.P.F and M.J.D). Disagreements were discussed with an advisor (S.B) and an 
additional 31 articles were excluded (Figure 1).  
1.2.3 Data extraction 
 Data extraction records were made for each of the 24 studies eligible for inclusion. 
The author, aim, design, participant characteristics, indices used for the measurement of HRV 
analysis, conditions during measurement, reliability and validity, inclusion/exclusion, 
statistics and main findings were extracted (Table 1, Table A.1 & A.2).  
1.2.4 Quality assessment   
 Each study was critically appraised and the quality assessed in accordance with the 
Centre for Reviews and Dissemination (2008). A quality index score (QIS) was given to each 
study according to the following criteria; participant characteristics, control group used (if 
applicable), control group appropriately matched, control/adjustments made for group 
differences, sample size, inclusion/exclusion criteria, technical approach to HRV 
measurement, study controls (e.g. respiratory rate, time of day, posture, physical activity, 
maturation). A graded score was given for each parameter (0 = not mentioned, 1 = 
mentioned, 2 = mentioned in detail). Variations in the aim and design of studies resulted in 
differences in the maximum possible scores. For example, in studies examining long-term 
HRV it is not possible to control for posture or breathing during the 24 hours of obtained 
measurement over daily living. To account for these differences a percentage score was 
calculated for each study in which the score achieved was divided by the maximum possible 
score, which was then multiplied by 100 (Table A.1 & A.2). Two reviewers (E.L.J.E and 
M.J.D) assessed the quality index score. Any disagreements were discussed until a consensus 
was reached.  
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1.3 RESULTS 
1.3.1 Influence of childhood age on HRV 
 Seven case control studies examined the association between childhood age and HRV 
over a 24-hour period (Supplementary Table 1, QIS range 45-100%). Three employed 
correlation analyses to evaluate the relationship between childhood age and HRV as 
continuous variables (Massin & von Bernuth, 1997; Massin et al., 2000; Seppälä et al., 2014). 
The other four examined HRV in groups of children stratified according to age (Faulkner et 
al., 2003; Kazuma et al., 2002; Mitchels et al., 2013; Silvetti et al., 2001). Two of the seven 
case control studies reported mean RR interval, both showing an increase with childhood age 
(Massin & von Bernuth, 1997; Mitchels et al., 2013).  
 Massin and von Bernuth (1997) observed a notable increase in 24 hour SDNN from 
birth (full-term neonates) to infancy (12 months) which was followed by a steady increase 
throughout childhood (from 12 months to 15 years). Similarly, Silvetti et al (2001) identified 
a significant increase in SDNN from the youngest age group (1-5 years, n=23) to older age 
groups studied (6-10 years, n=28 and 11-15 years, n=37). However, no significant differences 
were observed between the older age groups (Silvetti et al., 2001). In the same study SDANN 
was reported to be significantly increased with childhood age (Silvetti et al., 2001). No 
association between short-term SDNN and age was observed in a large study of Finish 
children within a relatively narrow age range of 6 and 8 years (Seppälä et al., 2014) (Table 1).  
 Massin and von Bernuth (1997) observed a progressive increase in RMSSD and HF 
power from birth to 15 years. Similarly, Silvetti et al (2001) identified that RMSSD and 
pNN50% were significantly lower in children aged between 1-5 years, than groups of 
children aged 6-10 years and 11-15 years. In contrast, a significant negative association 
between age and HF power was found in children aged 6 – 8 years, but no associations were 
AC
CE
PT
ED
 M
AN
US
CR
IP
T
ACCEPTED MANUSCRIPT
 9 
found with RMSSD and pNN50% (Seppälä et al., 2014). In a study of male Japanese 
children, Kazuma et al., (2002) reported that HF power was not significantly different 
between groups with a mean age of 6.3 ± 0.5 (n=18), 8.7 ± 0.5 (n=14) and 10.9 ± 0.9 (n=38) 
years (mean ± SD) (Table 1).  
 Two studies examined LF power in children. Seppala et al. (2014) reported no 
association between LF power and age in children aged from 6 to 8 years, while Kazuma et al 
(2002) reported a significant increase in LF power in children aged between 6 to 11 years. 
Massin and von Bernuth (1997) identified that LF:HF ratio is highest at birth and markedly 
and progressively decreases to 12 months. Thereafter a slight reduction in LF:HF ratio was 
observed between early and late childhood. In contrast, in a study with a lower quality score 
index (QIS 45%), Kazuma et al. (2002) reported a significant increase in LF:HF ratio and LF 
power in children aged between 6 to 11 years, whereas Seppala et al. (2014) reported no 
association between childhood age and LF:HF ratio (Table 2). 
 
1.3.1.1 HRV and circadian rhythm 
 Massin et al. (2000) reported that LF:HF ratio was higher during the day than at night 
in children >3 years, while overall HRV (SDNN) and RR interval were higher at night than 
day in children >2 years. In addition, RMSSD and HF power were observed to be higher at 
night in children >1 year, while pNN50% and LF power were higher at night in children >4 
months. Similarly, Kazuma et al. (2002)
 
showed that HF and LF were greater at night in 
children aged 6-11 years, whereas LF:HF ratio was higher during the day.  
 
1.3.1.2 Age, sex and HRV  
 Four studies (Faulkner et al., 2003; Michels et al., 2013; Seppälä et al., 2014;  Silvetti 
et al., 2001) meeting the inclusion criteria considered the influence sex and age on HRV in 
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children. Faulkner et al. (2003) suggested that adolescent girls (13-18 years) exhibit lower 
long-term overall HRV (SDNN, SDANN), cardiac parasympathetic activity (RMSSD, 
pNN50%, HF power) and LF power, compared to adolescent boys. Whereas, Silvetti et al 
(2001) reported that long-term SDNN and SDANN were lower in girls aged 1-15 years, boys 
and girls had similar RMSSD and pNN50% values. Neither study reported an interaction 
between childhood age and sex (Faulkner et al., 2003; Silvetti et al., 2001). In a 
methodologically rigorous study employing a large sample size of 460 children aged between 
5-10 years, Michels et al. (2013) (QIS 100%) reported an interaction between childhood age 
and sex, such that short-term SDNN, RMSSD, pNN50, HF power (absolute units) and heart 
rate were generally higher in girls, except for between 5-6 years. Conversely, Seppälä et al 
(2014) reported no sex differences in HRV (SDNN, RMSSD, pNN50%, HF power, LF:HF 
ratio) in children aged 6 – 8 years (n= 465).  
 
1.3.2 Childhood weight status, body composition and HRV  
 A total of 20 studies have examined the influence of weight status or body 
composition on short and long-term HRV (Table 2 & A.2). Of these studies, 11 examined the 
effect of weight status on heart rate in obese children (Altuncu et al., 2012; Baum et al., 2013; 
Birch et al., 2012; Kaufman et al., 2007; Martini et al., 2001; Nagai et al., 2003; Paschoal et 
al., 2009; Rabbia et al., 2003; Tonhajzerova et al., 2008; Vanderlei et al., 2010a, c). All of 
these studies reported a numerically higher heart rate and/or shorter RR interval in obese 
children, but these apparent differences only reached statistical significance in six studies 
(P<0.05) (heart rate; Altuncu et al., 2012; Martini et al., 2001; Nagai et al., 2003; Rabbia et 
al., 2003, RR interval; Martini et al., 2001; Tonhajzerova et al., 2008; Vanderlei et al., 2010a, 
Table 2) 
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  Seven studies examined the influence of weight status on SDNN (Table 2 & A.2). 
Two of these studies assessed short-term HRV (Vanderlei et al., 2010a; Paschoal et al., 
2009), with Vanderlei et al. (2010a)  (QIS 73%) noting a reduction in SDNN in obese 
children (n=56) compared to age and sex matched children of ideal weight (n=61). A further 
five utilised long-term HRV assessments (Faulkner et al., 2003; Martini et al., 2001; Rabbia 
et al., 2003; Riva et al., 2001; Taşçılar et al., 2011) with three reporting no difference in 
SDNN between obese and ideal weight children ( Faulkner et al., 2003; Martini et al., 2001; 
Taşçılar et al., 2011) (QIS range 36-65%) and two reporting lower SDNN values in obese 
children (Rabbia et al., 2003; Riva et al., 2001)(QIS range 32-50%). In the only study 
assessing physical activity, Rabbia et al. (2001) reported no differences between obese and 
control groups. SDANN was also reported in four of these studies with half reporting lower 
values in obese children (Riva et al., 2001; Taşçılar et al., 2011) (QIS 32-65%) and half 
reporting no difference (Martini et al., 2001; Rabbia et al., 2003) (QIS 36-50%). Some of 
these discrepancies may relate to; the unequal control groups with a tendency for the control 
group to be one year younger (Riva et al., 2001; Martini et al., 2001; Rabbia et al., 2003), 
failing to match for sex (Martini et al., 2001; Paschoal et al., 2009), and failing to consider 
resting heart rate (Faulkner et al., 2003; Paschoal et al., 2009; Riva et al., 2001; Taşçılar et 
al., 2011) or physical activity (Faulkner et al., 2003; Martini et al., 2001; Paschoal et al., 
2009; Riva et al., 2001; Taşçılar et al., 2011; Vanderlei et al., 2010). Thus, there appears to be 
no clear consensus regarding the effects of childhood obesity on overall HRV on the basis of 
time domain measures. In contrast, geometric measures (HRV triangular index and TINN) of 
overall HRV are reduced in obese children (Taşçılar et al., 2011; Vanderlei et al., 2010c) 
(QIS 64-65%).  
 A total of 20 studies have assessed cardiac parasympathetic activity in groups of 
obese and normal weight children (Table 2 & A.2). The majority of these studies suggest that 
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RMSSD (8 of 13 studies, QIS range 32-73%), pNN50% (7 of 9 studies, quality score index 
range 32-73%) and HF power (14 of 18 studies, QIS range 36-73%) are lower in obese 
children compared to normal weight children. These findings are not contingent on whether 
short or long-term HRV analyses were undertaken. In the studies reporting no statistical 
differences in RMSSD and pNN50% values between obese and normal weight controls 
(Baum et al., 2013; Faulkner et al., 2003; Kaufman et al., 2007; Paschoal et al., 2009;  
Soares-Miranda et al., 2011) the sample size tended to be lower (range; 16-149 participants 
vs. 45-182 participants). In the two studies, which reported no weight-related differences in 
HF power when expressed as normalised units, differences between obese and normal weight 
children were observed when values were presented in absolute units (Vanderlei et al., 2010a, 
b). Four of these studies assessed the relationship between weight and long-term HRV in a 
cohort of children, with three showing significant negative correlations between weight status 
and RMSSD, pNN50% and HF power (Birch et al., 2012; Chen et al., 2012; Silvetti et al., 
2001)
 
(QIS range 42-56%). One excluded participants engaging in competitive sports 
(Silvetti et al., 2001) and another assessed physical activity by questionnaire (Chen et al., 
2012). The latter reported a reduced physical activity in obese children and a positive 
correlation between physical activity and HRV when obese and non-obese groups were 
pooled (Chen et al., 2012). However, to what extent physical activity and weight status were 
independently associated with HRV was not determined. One study examined the 
relationship between weight and short-term HRV in a cohort of children, also reporting a 
significant negative correlation between weight status and ln(HF) (Baum et al., 2013) (QIS = 
69%) and no difference in heart rate between groups. 
A total of 18 studies assessed LF power in groups of obese and normal weight 
children (Table 2 & A.2). The majority of these studies reported no difference in LF power 
between obese and normal weight children (Altuncu et al., 2012; Birch et al., 2012; Faulkner 
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et al., 2003; Kazuma et al., 2002; Martini et al., 2001; Paschoal et al., 2009; Rabbia et al., 
2003; Vanderlei et al.,2010a, b; Zhou  et al., 2012) (10 of 18 studies, QIS range 36-73%). In 
one of these studies aerobic exercise capacity was determined and reportedly reduced in 
obese children (i.e., lower VO2 peak) (Paschoal et al., 2009). A total of 15 studies have 
assessed LF:HF in groups of obese and normal weight children (Table 2 & A.2). The 
majority of these studies reported that LF:HF is increased in obese children (Altuncu et al., 
2012; Birch et al., 2012; Kaufman et al., 2007; Kazuma et al., 2002; Martini et al., 2001; 
Paschoal et al., 2009; Rabbia et al., 2003; Riva et al., 2001; Soares-Miranda et al., 2011; 
Taşçılar et al., 2011) (10 of 15 studies, QIS range 32-65%). One of these studies assessed 
physical activity and reported no difference between groups (Rabbia et al., 2003). One study 
examined the relationship between weight and short-term HRV in a cohort of children, 
reporting no dependence of ln(LF) or LF:HF ratio on BMI (Baum et al., 2013). 
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1.4 DISCUSSION 
1.4.1 Explanation of findings  
 The major findings of this literature review are threefold. First, the HRV changes in 
infancy (birth to ~12 months) are consistent with a marked and progressive increase in 
cardiac parasympathetic activity (increased RMSSD, HF power) relative to sympathetic 
activity (reduced LF:HF ratio). Second, during early-to-late childhood this trend appears to 
continue but at a reduced rate. Finally, a majority of studies reported that parasympathetic 
activity to the heart is reduced in obese children (reduced RMSSD, pNN50%, HF power), 
while 54% of studies reported that LF:HF ratio is increased suggestive of a relative 
heightening of cardiac sympathetic activity.  
 
1.4.1.1 Influence of childhood age on HRV 
 There is a paucity of good quality studies examining cardiac autonomic control using 
HRV in infants (birth to 12 months). Only 1 study met the inclusion used in our review. This 
reported that 24 hour SDNN was increased while LF:HF was reduced from birth to 1 year, 
the latter being suggestive of an increase in cardiac parasympathetic activity relative to 
sympathetic activity. This pattern of autonomic development appears to continue more 
gradually during early childhood and more gradually still during late childhood. However, 
establishing the specific time course and nature of the change in cardiac autonomic function 
during childhood is challenging due the inconsistent methodological approaches adopted. For 
example, a limited number of studies (n=2) have evaluated childhood age as a continuous 
variable, while the others (n=4) have evaluated groups of children stratified according to age, 
often including only a handful of children and examining a relatively narrow age range. In a 
high quality study (QIS =100%), Michels et al (2013) assessed short-term HRV in a large 
sample of children (n=460) and identified an interaction between childhood age and sex on 
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cardiac autonomic function. While in girls a progressive increase in indices of cardiac 
parasympathetic activity (RMSSD, pNN50%, HF power) between 5 to 10 years,  boys 
exhibited a ‘wave like’ pattern where these indices transient decline between 7 to 8 years. 
Further longitudinal studies are warranted to confirm the interactions between childhood age 
and sex on HRV.  
 There are a multitude of factors which may underlie the age related alterations in 
HRV described (e.g., heart rate, respiration, growth and maturation, hormones, arterial 
baroreflex, body composition, and life style). Heart size (e.g., left ventricular mass, stroke 
volume) (Batterham et al., 1997; Dewey et al., 2008; de Simone et al., 1998; Fleming et al., 
2011) relative to body size is positively correlated with childhood age (Fleming et al., 2011; 
Porges et al., 2011; Winsley, 2006) and associated with this heart rate decreases, 
consequently the RR interval increases with age (Parati et al., 1995; Thiyagarajan  et al., 
2012). Respiratory frequency also declines from birth to adolescence and is reported to affect 
LF and HF power (El-Sheikh, 2005; Fleming et al., 2011; Porges et al., 2011; Williams & 
Lopes, 2002). Furthermore, children develop, grow and mature at different rates, and the age 
at which adiposity rebound and peak height velocity occur can vary, and is also modified by 
sex (Malina et al., 2004). Whether allometric scaling for body size (height, fat free mass) 
diminish childhood age-related differences in autonomic function, as it can in adults (Dewey 
et al., 2008; George et al., 1999; Urhausen et al., 1996) has not been examined. Sex hormones 
can modulate the central regulation of cardiac autonomic activity (El-Mas & Abdel-Rahman, 
2009; Leicht et al., 2003), but the extent to which this may explain the sex and/or age 
differences in HRV reported in children is unknown. Only Michels et al. (2013) have 
evaluated how lifestyle factors may affect HRV in girls and boys. Cardiac parasympathetic 
activity (RMSSD, pNN50%, HF power) was observed to be strongly and positively 
associated with fitness (Eurofit fitness test battery (Council of Europe, 1993) , independent of 
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body composition, physical activity or heart rate, however only associated with objectively 
assessed physical activity (accelerometry) in boys and fat-free mass in girls (Michels et al., 
2013).  
 
1.4.1.2 Childhood weight status, body composition and HRV 
 Overall, the studies examined indicate that in obese children parasympathetic activity 
to the heart is reduced (RMSSD lower in 8 of 13 studies, pNN50% lower in 7 of 9 studies, 
HF power lower in 14 of 18 studies), while LF:HF ratio is increased in 67% of studies 
(elevated in 10 of 15 studies) suggestive of a relative increase in cardiac sympathetic activity. 
The mechanisms underlying such autonomic alterations remain inconclusive. Notably, 
elevated plasma concentrations of leptin, 8-isoprostane, and C - reactive protein and insulin 
resistance are associated with reductions in HRV derived indices of cardiac parasympathetic 
activity (e.g., HF power, RMSSD, pNN50%) in children; however when fat mass was 
adjusted for this relationship was no longer observed (Kaufman et al., 2007). Such findings 
indicate the importance of utilizing specific measures of adiposity (e.g., fat mass, fat free 
mass, percentage body fat), however the vast majority of studies examining the relationship 
between weight status and HRV have used BMI, which does not differentiate between fat 
mass vs. fat free mass or body fat distribution. Notably, elevated visceral adiposity but not 
BMI is associated with reductions in HRV derived indices of cardiac parasympathetic activity 
and increases in cardiac sympathetic activity in children (Soares-Miranda et al., 2011) and 
adults (Windham et al., 2012), perhaps because of the pro-inflammatory nature of visceral fat 
(Lapice et al., 2009). BMI also does not accurately predict adiposity at low to medium ranges 
(i.e., control groups) which may affect comparisons between normal and obese groups 
(Reilly, 2010). Collectively, these findings highlight the importance of using sophisticated 
approaches when evaluating the influence of weight status and body composition on cardiac 
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autonomic regulation in children. Finally, although age and sex specific BMI percentiles 
(Cole et al., 1998)
 
were typically reported in the studies reviewed a marked heterogeneity in 
whether the national (>95
th
 centile) or the clinical (>98
th 
centile) cut off was used to identify 
an obese child, meaning that caution is required when comparing studies.  
 
1.4.2 Limitations and future directions 
To date no longitudinal study of childhood age and HRV has been published. Studies 
are required to better understand how impairments in HRV at childhood track into adulthood 
and whether they are associated with adult cardiovascular and metabolic health. Despite the 
present review taking a rigorous approach and including only those cross-sectional studies 
which adhered to published guidelines for assessing HRV (Task Force, 1996), a considerable 
heterogeneity in the approaches utilized was evident (e.g., HRV indices reported, body 
position used, control of breathing, laboratory based vs. field test evaluation) and generally 
small sample sizes used for age or weight sub-groupings. In addition, there are numerous 
physiological and life-style factors which can affect HRV which have not been consistently 
controlled or adjusted for in studies evaluating the influence of childhood age (e.g. sex, 
physical activity, puberty, Z scores for weight). Future research would benefit from more 
sophisticated assessment of body composition, as well as objective assessment (e.g. 
accelerometer) and statistical control for variations in physical activity. Ethnicity might also 
independently affect HRV in children (Eyre et al., 2013; Faulkner et al., 2003; Reed et al., 
2006) but this remains to be fully elucidated. As mentioned above, the physiological 
correlates of HRV indices is debated and importantly a robust HRV derived assessment of 
cardiac sympathetic activity is lacking (Taylor et al., 2006; Task Force, 1996), albeit the use 
of LF:HF ratio has been widely use to estimate the relative contribution of cardiac 
sympathetic and parasympathetic control (Taylor et al., 2006; Task Force of the European 
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Society of Cardiology and the North American Society of Pacing and Electrophysiology, 
1996). Furthermore, obtaining an artefact free, basal ECG recording in very young children is 
difficult and it is likely that movement and anxiety will influence the HRV assessment. In the 
present review we have focused on resting HRV, and future research is required to establish 
how cardiac autonomic responses to physiological stressors (e.g., exercise) are affected by 
childhood age and weight status. Despite the evidence that obesity has a deleterious influence 
on autonomic control of the heart in children the underlying mechanisms and extent to which 
this may be modified by life-style interventions (e.g., weight loss, increased physical activity) 
remains unclear. Finally, the review only includes published findings because of inherent 
difficulties in obtaining and comprehensively appraising investigations presented solely in 
abstract form (e.g., conference proceedings), thus a risk of publication and reporting bias is 
acknowledged.  
 
1.4.3 Clinical Implications  
 Childhood obesity raises the risk of developing cardiovascular and metabolic 
disorders and is global public health issue. This review represents the first synthesis of 
studies evaluating the normal maturation of cardiac autonomic control using HRV analyses in 
healthy children, and indicates a marked and progressive increase in cardiac parasympathetic 
activity relative to sympathetic activity throughout childhood. Childhood obesity disrupts this 
normal development by attenuating cardiac parasympathetic activity, with some indication 
that sympathetic activity is also heightened. Such autonomic dysfunction has been associated 
with numerous deleterious physiological effects (Fisher et al., 2009), however the clinical 
significance of the appearance in early life of such disruptions in the neural regulation of the 
heart remain to be fully elucidated. 
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1.5 Conclusion 
 The available evidence indicates a marked and progressive increase in cardiac 
parasympathetic activity relative to sympathetic activity during infancy, which continues 
from infancy to late childhood albeit at a slower rate and a sex-specific profile. In obese 
children, reductions in cardiac parasympathetic activity and increases in sympathetic activity 
are indicated by a majority of studies, although the underlying mechanisms are unclear. The 
long-term significance of the deleterious childhood obesity-related changes in cardiac 
autonomic control to adult health and the extent to which these may be modified by life-style 
interventions remain to be fully determined. 
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Table 1: A summary of the influence of childhood age on HRV. 
 
Age HRV References 
Infancy 
(0-12 months) 
 RR interval, SDNN, RMSSD and HF power lowest at birth.  
 LF:HF ratio highest at birth. 
 Marked and progressive increase in RR interval, SDNN, RMSSD, HF power, and 
decrease in LF:HF ratio, with age.  
Massin & von 
Bernuth, 1997; 
Michels et al., 2013; 
Silvetti et al., 2001  
 
Early to mid childhood  
(1-11 years) 
 RR interval, SDNN, RMSSD, pNN50% and HF power higher than in infancy.  
 LF:HF ratio lower than in infancy. 
 RR interval, SDNN, RMSSD, pNN50% and HF power continues to increase, and 
LF:HF ratio continues to decrease, with childhood age albeit at a slower rate than 
during infancy. 
Massin & von 
Bernuth, 1997; 
Michels et al., 2013; 
Silvetti et al., 2001  
 
Late childhood  
(>11-18 years) 
 RR interval, SDNN, SDANN, RMSSD, pNN50% and HF power highest.  
 LF:HF ratio lowest.  
Massin & von 
Bernuth, 1997; 
Michels et al., 2013; 
Silvetti et al., 2001 
 
HF - high frequency, LF - low frequency, LF/HF - the low frequency to high frequency ratio, pNN50% - proportion of RR intervals differing by >50 ms from previous RR interval, RMSSD - square root of the mean 
of the sum of successive differences, SDANN - standard deviation of 5 minute average RR interval over a 24 hour period, SDNN - standard deviation of all NN interval. 
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Table 2: Summary table of the number of studies on associations between measures of HRV and Weight 
 HR RR 
interval 
SDNN SDANN Triangular 
index 
TINN RMSSD pNN50% HF LF LF:HF  
Increased 
in obese 
4 
(53: 36-
73) 
        5  
(53:32-
65) 
10 
(49:32-65) 
No 
difference 
3 
(59: 46-
69) 
3 
(50: 42-
63) 
4 
(49: 38-
65) 
2 
(41: 36-
50) 
 
 5 
(58:46-
69) 
2 
(48: 46-
50) 
6 
(51: 32-
73) 
10 
(52: 36-
73) 
4 
(65: 56-
73) 
Reduced 
in Obese 
 3 
(55:36-
73) 
3 
(52: 32-
73) 
2 
(49: 32-
65) 
2 
(65: 64-
65) 
1 
(64) 
8 
(50: 32-
73) 
7 
(49: 32-
73) 
14 
(58: 36-
73) 
5 
(55: 58-
73) 
1 
(73) 
 
Values are represented as the number of studies (mean quality index score: quality index score range)  
 
HF - high frequency, HR – heart rate, LF - low frequency, LF/HF - the low frequency to high frequency ratio, pNN50% - proportion of RR intervals differing by >50 ms from previous RR interval, QIS- Quality 
index score, RR – beat to beat variability, RMSSD - square root of the mean of the sum of successive differences, SDANN - standard deviation of 5 minute average RR interval over a 24 hour period, SDNN - standard 
deviation of all NN intervals, TINN - triangular interpolation of NN interval histogram.
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Figure 1 Flow chart outlining search strategy and selection 
process.  
 
 
 
 
 
 
 
 
 
 
IDENTIFICATION: Records identified through 
database search using key words (n=8605) 
Duplicates removed (n=0) 
SCREENING: Irrelevant citations following 
scanning of article title and abstract (n= 
8495) 
ELIGIBILITY: Full text articles assessed for 
eligibility (n=55) 
Articles failed to meet eligibility criteria were 
removed (n=31) 
1. HRV assessment failed to meet guidelines (n=16)  
2. Children compared to past childhood data (n =1) 
3. Children compared to adults (>18 years) (n=8) 
4. HRV and weight status relationships not assessed (n=4) 
5. No HRV data was presented in the full paper (n=2) 
 
INCLUSION: articles included in review (n=24) 
INCLUSION CRITERIA:  
- Child = <18years with no history of cardiovascular, pulmonary, metabolic, 
neurological, or taking prescribed or over the counter medicine.  
- Studies to compare children of different ages. Adult studies excluded.  
- Objective assessment of weight or body fatness.  
- HRV measurement to Task Force guidelines (1996), ST (2-5mins), LT 
(24hours) measurements included with at least one indices of time, 
frequency of geometric methods.  
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1.6 Appendices  
 
Table A.1: Summary of case control studies assessing the relationship between childhood age and HRV 
AUTHORS / 
STUDY AIM 
PARTICIPANTS HRV 
MEASUREMENT 
EXPERIMENTAL 
CONDITIONS 
RESULTS QIS 
 
Michels et al. (2013) 
 
To provide age- and sex-
specific reference values 
for an extensive battery of 
ST HRV parameters and 
the contribution of age, 
sex, time point, body 
composition, physical 
activity and fitness.  
 
460 healthy 
240 male, 220 female 
5-10yr  
7% overweight 
 
Group by age 
5yr (n=72), 6yr (n=62) 
7yr (n=89), 8yr (n=113) 
9yr (n=84), 10yr (n=40) 
 
 
ST 
HRM (Polar Wearlink 
31) 
 
Analysis 
Kubios 
Sampling frequency 
1000Hz 
 
TD: RR interval, 
SDNN, pNN50%, 
RMSSD 
 
FD(FF): LF, HF, 
LF:HF ratio  
 
 
Reliability/validity 
Manual checking  
 
Inclusion/exclusion 
CV disease, diabetes, and 
HRV too low quality (n=15) 
Registration cancelled if 
breathing was irregular.  
 
Other 
Breathing: normal 
Posture: Supine 
Body composition: BMI, BF% 
(BODPOD).  
No strenuous PA on 
measurement day.  
Fitness: Eurofit fitness test 
battery.  
PA: accelerometer 
HR and RR interval raw values 
reported.  
 
Statistics 
t-test (sex) 
Two way ANOVA (sex/age) 
LMS Method (percentiles) 
 
Age, sex & HRV 
Correlation: Age positively correlated with 
TD (SDNN, pNN50%, RMSSD), FD (LF, 
HF, LF:HF ratio) and RR interval in boys 
and girls. HR higher in girls.  
 
ANOVA: Main sex effect: SDNN, 
RMSSD, pNN50%, LF and HF were higher 
in boys. Main age effect (increase with age) 
on SDNN, RMSSD, pNN50% and HF but 
not LF. Age and sex interaction found for 
SDNN, RMSSD, pNN50% and HF, 
showing higher values in boys at 5 and 6yr 
but no sex difference at older ages.  
 
Polynomial ANOVA: Cubic trend for bots 
in all HRV variables (sex and age 
interaction significant). Age and sex 
percentile curves provided.  
 
Multiple regression: age, PA, fitness and fat 
free mass predict HRV parameters.  
 
100% 
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Massin & von Bernuth 
(1997) 
 
To assess HRV in infants, 
toddlers and school 
children during 24 hr 
ECG and to determine 
differences in variability 
as a function of age and 
mean RR interval over 
length of analysis.  
 
 
 
 
210 healthy  
108 male, 102 female 
 
Group  by age 
3-14yr (3-7days, 8-14days, 15-
21days, 22days-1month, 1-
3month, 3-6month and each yr 
following) 
 
 
 
LT (NDA) 
ECG (2 channel)  
 
Analysis 
Sampling frequency 
350Hz.  
Holter tapes & medilog 
for QRS detection  
 
TD: RR interval, 
SDNN, pNN50%, 
RMSSD. 
 
FD(FF): HF, LF:HF 
ratio   
 
 
Reliability/validity 
Manual checking and edited to 
validate QRS labelling 
 
Inclusion/exclusion 
23 hours, noise/ectopic files 
were rejected 
Medical history/physical 
examination. 
No disease. 
 
Other 
PA not assessed or reported 
RR interval values reported.  
 
 
Statistics 
Linear/non linear regression models (HRV 
with age).  
 
Age & HRV 
Positive correlation between age and RR 
interval, SDNN, pNN50%, RMSSD and 
HF. LF:HF was highest at birth and 
evidenced a steadying during childhood.  
Independent effect of RR interval and age 
on HRV parameters.  
 
60% 
Seppӓ lӓ  et al. (2014) 
 
To define reference 
values for the time- and 
frequency-domain 
measures of HRV.  
465 healthy 
239 male, 226 female 
 
6-8yr 
 
 
ST 
ECG (12 lead) 
 
Analysis:  
Sampling frequency 
500Hz.  
Kubios 
 
TD:  RR interval, HR, 
SDNN, pNN50%, 
RMSSD, HRV 
triangular index, TINN 
 
FD (FF): HF, LF:HF 
ratio. 
Reliability/validity 
QRS detection algorithm 
Ectopic and erroneous beats 
were corrected using 
interpolation methods.  
RR series transformed using 4-
Hz cubic spline interpolation 
 
Inclusion/exclusion 
Very low frequency removed  
 
Other 
Position: supine.  
PA not assessed or reported.  
HR and RR interval values 
reported for 6–8yr.  
Statistics 
Mann-Whitney U –test (gender) 
Pearson correlation (age) 
 
Age and HRV  
Age negative significant association with 
HF. No association between age and all 
other HRV indices.   
Mean RR interval at 6-8yr = 72.5 and HR = 
83.5bpm.  
 
Gender and HRV 
No significant gender differences between 
any HRV indices.  
60% 
 
Massin et al. (2000) 
 
 
To examine circadian 
variation in heart rate and 
 
57  healthy  
28 male, 29 female 
 
Group by age 
2month -15yr (3 subjects per 
 
LT (NDA) 
ECG (2 channel)  
 
Analysis  
Sampling frequency 
 
Reliability/validity 
Manual checking and edited to 
validate QRS labelling 
 
Inclusion/exclusion 
 
Statistics 
Mean hourly value for each parameter 
 
Age & HRV 
Circadian variation during childhood.  
 
55% 
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Faulkner et al.  (2003)
 
 
To determine the effects 
of age, sex, race, BMI & 
tanner on ST CV tests & 
24 hour HRV.  
 
 
75 healthy adolescents 
49 female, 26 male  
14 African American 
61 White 
 
Age 
15.0±1.6 (13-18yr) 
 
 
 
LT  
ECG  
 
Analysis 
Holter monitoring 
 
TD: SDNN, SDANN, 
pNN50%, RMSSD 
 
FD (FF): LF, HF  
 
Reliability/validity 
QRS identified & labelled 
manually and edited for errors 
performed.  
Reliability/validity studies and 
reliability for short periods (3-
65days) reported.  
  
Inclusion/exclusion 
Disease: acute, chronic illness 
excluded.  
128 samples 
 
Other 
No food, drink or smoking 
30mins before test,  
Temperature controlled 
PA not assessed or reported.  
HR and RR interval raw values 
not reported.  
 
Statistics  
Correlation  
Two-way ANOVA (age/sex) 
 
Sex, age & HRV  
Boys significantly increase SDNN and 
SDANN than girls (early adolescence) 
(P<0.05).  
 
No other significant difference in LF, HF, 
pNN50% and RMSSD (age & sex) 
 
 
 
50% 
 
HRV in children 
 
 
 
 
 
 
 
 
group 2, 3, 4, 8month and then 
each yr after) 
 
350Hz. 
Holter tapes & medilog 
for QRS detection  
 
TD: RR interval, 
SDNN, pNN50%, 
RMSSD. 
 
FD(FF): LF, HF,  
LF:HF ratio 
24 hours 
5 complexes classified as 
ectopic or noise per hr were 
rejected.  
No known disease, medication 
or abnormal rhythm 
 
Other 
PA not assessed or reported 
RR interval values reported.  
 
LF:HF ratio increased in day and decreased 
at night from >3 yr. SDNN (from >2 yr) , 
RR interval, RMSSD, HF (from <1 yr), 
pNN50% and LF (4month) increased 
during the night and decreased during the 
day.  
 
Circadium variation  disappears in very 
young due to fall in LF:HF and rise in other 
HRV due to daytime sleep episodes.  
AC
CE
PT
ED
 M
AN
US
CR
IP
T
ACCEPTED MANUSCRIPT
 39 
Silvetti et al.  (2001) 
 
To define the values of 
24hr HRV in normal 
children, adolescent 
divided by age/gender.  
 
103 healthy 
57 male, 46 female 
 
 
Group by age 
1-20yr (1-5yr, 6-10yr, 11-
15yr, 16-20yr)  
 
 
LT 
ECG 
 
Analysis 
Holter monitoring  
Medilog excel 
(analyse)  
 
TD: SDNN, SDANN, 
RMSSD, pNN50%, 
mean HR.  
 
Reliability/validity 
Tapes scanned by cardiologist, 
QRS identified, 
 
Inclusion/exclusion 
<20hr 
Significant artefacts higher than 
200 isolated premature atrial, 
ventricular beats or pauses 
longer than 2s. 
Artefacts, ectopic, normal beats 
recognised and classified by 
template-matching techniques. 
No drugs or history of syncope.  
Participants engaging in 
competitive sports excluded.  
 
Other 
HR and RR interval raw values 
not reported.  
Statistics 
Normality  
Two way ANOVA & interaction (age/sex), 
Bonferroni 
 
Age & HRV 
Mean RR interval increases with age 
(P<0.0001). SDNN increase in (1-5yr) 
compared to 6-10yr and 11-15yr (P<0.05). 
SDNN, SDANN positively correlate with 
increasing age and male sex. RMSSD 
significant lower in 1-5yr compared to 6-
10yr and 11-15yr (P<0.05). pNN50% was 
significant reduced in 1-5yr compared to 6-
10yr and 11-15yr (P<0.05).   
50% 
 
Kazuma et al. (2002) 
 
Examine relationship 
between HRV & 
childhood age 
 
 
70 healthy (male only)  
Japanese 
 
12 obese, 53 normal, 5 thin 
(obese over 20%, normal 10-
20%, under (>10%).  
 
Group by age 
6-12 yr (group 1: 6-7yr, n=18, 
group 2: 8-9yr, n=14, group 3: 
10-12yr, n=38).  
 
 
 
LT (24hrs) 
ECG  
 
Analysis  
Holter monitoring 
 
FD (FF): TP:0.01-
0.05, LF:0.04-0.15, 
HF:0.15-0.4.  
 
 
 
Reliability/validity 
RR not equal so used cardiac 
curve using 3 % curve spline, 
instantaneous RR at 125ms & 
reconstruct each RR series of 
512S. Hanning windowing 
function to measure spectral 
leakage 
 
Inclusion/exclusion 
If premature supraventricular 
premature contraction shorter 
than 80% of proceeding 
contraction.  
No history of CV disease, 
hypertension, or other medical 
problems.  
 
 
Statistics 
One way ANOVA, Krustal Wallis Test 
 
Age & HRV 
24hr: TF, LF, LF: HF ratio increases with 
age. No difference in HF with age.  
 
Wake: TF, LF, HF increases with age. 
LF:HF was not significantly difference with 
age.  
 
Sleep: LF, LF: HF significantly increases 
with age. No significant difference in HF 
with age.  
 
.  
 
45% 
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Other 
PA not assessed or reported.  
HR and RR interval values not 
reported.  
 
CV- cardiovascular, ECG – electrocardiogram,  FD - frequency domain,  FF - fast Fourier transform, HF - high frequency power,  HRV-  heart rate variability, hr – hour,  yr – years, LF - low frequency power,  
LF:HF - low frequency to high frequency ratio, LT - long term,  NDA - normal daily activity,  PA - physical activity,  S – seconds,  ST- short term, TD - time domain, TP - total power.   
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Table A.2: Summary of studies assessing the relationship between weight and HRV 
 
 
AUTHOR/ 
STUDY AIM 
PARTICIPANTS HRV 
MEASUREMENT 
EXPERIMENTAL 
CONDITIONS  
RESULTS QIS 
 
Vanderlei et al. (2010a) 
 
To compare the 
autonomic function of 
obese and eutrophic 
children by analysing 
HRV.  
 
Case Control  
 
121 children  
57 male, 64 female 
8-12yr 
 
Group by weight 
BMI: Cole et al.,(2000) age 
and sex cut off 
 
56 obese  
61 ideal (matched age and sex) 
 
 
 
ST 
HRM (Polar S810i) 
 
Analysis 
Sampling frequency of 
1000Hz, 1000 
consecutive RR 
intervals 
Kubios 
 
TD:  RR, RMSSD, 
SDNN, pNN50% 
 
FD (FF): LF, HF, 
LF/HF. 
 
Poincare plot: SD1, 
SD2, SD1/SD2 ratio 
 
Reliability/validity 
Provides reference to paper for 
validity of HRM.  
 
Inclusion/exclusion 
Digital filtering (premature 
ectopic heartbeat & artefacts).  
5% error in R-R series 
excluded (14 children) 
No drug/diagnosed disease 
95% sinus rhythm included.  
 
Other 
Posture:  dorsal prone  
Breathing: spontaneous  
Temperature controlled 
PA not assessed or reported 
RR interval values reported.  
 
Statistics  
Normality  
t-test, Mann Whitney U test 
 
Weight & HRV 
TD: reduced RR interval, SDNN, RMSSD, 
pNN50% in obese compared to lean.  
 
FD: LF & HF (ms
2
) significantly reduced in 
obese compared to lean (LF 250 ± 178 vs. 
375 ± 213, HF 195 ± 183 vs. 249 ± 160, 
P<0.01).  No significant difference in LF 
(NU), HF (NU), or LF:HF ratio.  
 
Poincare plot: reduced SD1, SD2 in obese. 
No difference in SD1/SD2 ratio.  
 
73% 
 
Nagai et al. (2003)
 
To evaluate whether 
sympathetic and/or 
parasympathetic nerve 
activities were altered in 
an obese population.  
 
Case control  
 
 
 
 
 
84 children 
36 male, 48 female 
9 ± 0.3yr  
Japanese 
 
Group by weight 
BMI  
 
42 obese (obese BMI>120%: 
18 male, 24 female) 
42 non obese  (18 male, 24 
female) 
 
ST 
ECG  
 
Analysis: 
Sampling frequency 
1024Hz  
On a 256s time series 
 
TD: HR 
 
FD (FF): LF, HF  
 
  
Reliability/validity 
Visual inspection  
 
Inclusion/exclusion 
Linear trend & direct currency 
component were eliminated by 
digital filtering between 0.02 – 
0.05.  
Disease: medical history, no 
drugs or disease. 
 
Other  
 
Statistics 
t-test 
Partial correlation 
 
Weight & HRV 
TD: Higher resting heart rate in obese than 
non-obese (90.7 vs. 84.3bpm, P <0.001).  
 
FD: All components were significantly 
lower in obese group than non-obese (LF 
6.16 ± 0.12 vs. 6.42 ± 0.05, P<0.05, HF 
5.84 ± 0.15 vs. 6.34 ± 0.07, P<0.01). LF:HF 
 
73% 
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Baum et al. (2013) 
 
To assess the distribution 
of ANS dysfunction in 
overweight and obese 
children.  
 
Cross sectional 
 
 
 
 
 
 
 
 
149 children 
12.0yr  
 
Group by weight 
BMI  
90 Overweight/obese 
(BMI>97
th
: 45 male 45female) 
59 Normal weight (BMI 10-
90
th
, 34 male, 25 female) 
German reference values 
 
 
 
 
 
 
 
 
ST 
 
 
Analysis: 
 
TD: HR,  RMSSD 
 
FD (FF): LF, HF, 
LF:HF ratio 
 
Posture: seated chair 
Breathing: normal breathing  
Temperature controlled. 
PA: health questionnaire 
HR values reported.  
 
 
 
Reliability/validity 
NR 
 
Inclusion/exclusion 
Disease: medical history and 
physical examination 
 
Other  
Posture: resting positiom 
Breathing: deep breathing 6 
cycles per minute 
PA not assessed or reported.  
HR values reported.  
ratio in obese was negatively correlated to 
duration of obesity. Reduced LF, HF in >3 
years compared to <3years.  
 
Other 
None of the children engaged in sport or 
aerobic exercise.  
 
Statistics 
Linear model  
Two sample t-test 
 
Weight & HRV 
TD: HR not significantly different between 
obese and normal weight. RMSSD no 
significant dependence on BMI. 
 
FD: ln(HF) was significantly related to 
BMI, age and gender which explained a 
large proportion or variance. Ln(HF) was 
lower in obese than normal weight. LF:HF 
ratio was not significantly related to BMI 
(P=0.05).  
 
 
 
 
 
 
 
 
 
 
69% 
Taşҫ ilar et al. (2011) 
 
To evaluate the 
autonomic system by 
measuring HRV in obese 
 
Case control  
62 children 
39 male, 23 female 
11.6 ± 2.0yr 
 
Group by weight status 
BMI greater than 97
th
 centile 
age & sex and below 85
th
 for 
controls (IOTF) 
 
32 obese  (20 male, 12 female) 
30 healthy (age and sex 
matched, 19 male, 11 female) 
 
 
LT  (NDA) 
ECG 
 
Analysis 
Holter 
Sampling 
frequency1024Hz 
 
TD: SDANN, SDNN, 
RMSSD, pNN50% , 
HRV triangular index, 
 
FD (PSA): LF, HF, 
LF:HF ratio 
Reliability/validity 
NR 
 
Inclusion/exclusion 
Medical history and 
examination 
Disease  
 
Other 
PA not assessed or reported. 
HR values not reported.  
Statistics 
t-test (non obese vs. obese) 
Mann Whitney U test 
Chi square 
 
Weight & HRV 
TD: No difference in SDNN. SDANN 
(obese 102 ± 25 vs. normal 122 ± 22ms, 
P<0.001), RMSSD (obese 73 ± 37 vs. 
normal 89 ± 45, P<0.001), pNN50% (obese 
27 ± 16 vs. normal 34 ± 13, P<0.001) lower 
in obese. HRV (triangular index) (obese 40 
± 1.1 vs. normal 48 ± 12, P<0.009). 
 
65% 
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FD: HF (NU) (obese 1.9 ± 1.5 vs. normal 
2.5 ± 2.1 P=0.03) significantly reduced in 
obese. LF (obese 2.6±0.9 vs. normal 2.2 ± 
1, P=0.014) and LF:HF ratio (obese 1.6 
±0.7 vs. normal 1.12 ± 0.56, P=0.007) 
significantly higher in obese compared to 
controls.  
  
Vanderlei et al. (2010b) 
 
To investigate the 
autonomic modulation of 
eutrophic and obese 
children by means of 
indexes of HRV obtained 
by geometric methods.  
Case control  
 
133 children 
63 male, 70 female 
8-13yr  
 
Group by weight 
BMI: Cole et al.,(2000) age 
and sex cut off 
 
61 obese (28 male, 33 female, 
10.2 ±  1.47yr) 
72 normal  (35 male & 37 
female, 10.57 ± 1.51yr) 
 
 
 
 
ST 
HR monitor (polar 
S810i) 
 
Analysis 
Sampling frequency  
1000Hz, used 1000 
consecutive R-R 
intervals.  
 
Geometric methods: 
RRtri, TINN 
 
Poincare plot: SD1, 
SD2, SD1/SD2 ratio.  
 
 
 
 
 
 
Reliability/validity 
Referred to validity of polar 
for beat to beat.  
Digital filtering & manual 
filtering.  
 
Inclusion/exclusion 
Eliminate premature , artefacts 
& ectopic beats 
No medication infections, 
metabolic or cardio- 
respiratory diseases.  
 
Other 
Posture: supine 
Breathing: spontaneous 
breathing  
Temperature controlled 
PA not assessed or reported. 
HR values not reported.  
 
Statistics  
Normality 
t-test, Mann Whitney U test 
 
Weight & HRV 
Geometric: RRtri (0.073 ± 0.02 vs. 0.1084 ± 
0.13, P =0.000), TINN (171.8 ± 55.1 vs. 
218. 2 ± 51.1, P = 0.008) were reduced in 
obese.  
 
Poincare plot: SD1(19.9 ± 9.10 vs. 24.1 ± 
8.03, P= 0.006) SD2 (51.6 ± 16.5 vs. .8 ± 
17. 2, P=0.000) were significantly lower in 
obese than normal (P<0.01). No significant 
difference in SD1/SD2 ratio.  
 
64% 
 
Vanderlei et al. (2010c) 
 
To analyse the HR 
dynamics in obese 
children by measuring 
short long term fractal 
components of HRV.  
 
Case control  
 
112 children 
53 male, 59 female 
8-12yr  
 
Group by weight 
BMI Cole et al., (2000) age 
and sex cut off  
 
51 Obese (23 male, 28 female) 
61 non obese (30 male, 31 
 
ST 
HR monitor (polar 
s810i) beat to beat  
 
Analysis:  
Sampling frequency 
1000Hz. 
Fractal analysis applied 
to time series of R-R.  
 
 
Reliability/validity: 
Digital filtering completed 
with manual to eliminate 
ectopic & artefacts  
 
Inclusion/exclusion 
95% consecutive RR series.  
(1000 intervals used)  
 
Other 
 
Statistics 
Normality  
t-test, Mann Whitney U test 
 
Weight & HRV 
FD: LF (ms
2
) (260 ± 183 vs. 384 ± 212, 
P=0.001), HF (ms
2
) (207 ± 186 vs. 252 ± 
155, P=0.019) significantly reduced in 
obese. HR, LF, HF (NU) & LF: HF ratio 
showed no differences between obese and 
 
63% 
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female) 
 
  
 
TD: HR 
 
FD (FF): LF, HF, LF: 
HF ratio 
 
Posture: dorsal at rest 
Breathing: spontaneous  
Temperature controlled 
PA not reported 
HR reported 
non obese.  
 
Weight, Sex & HRV 
LF (ms
2
) significantly reduced in obese, 
girls than non obese girls. LF:HF ratio no 
significant difference. 
 
Kaufman et al. (2007) 
 
Cardiovascular autonomic 
(CANS) function and its 
potential relationship with 
leptin resistance.  
 
Case control  
 
36 children  
18 male, 18 female 
11.5 ± 0.8yr 
Maturity: tanner stage 1.9 ± 
0.8 
 
Group by weight  
BMI (age adjusted) 
 
10 normal (<85
th
 centile: 6 
male, 4 female) 
10 overweight (>85
th
 centile 
but >95
th
 centile: 6 male, 4 
female) 
16 obese (>95
th
 obese: 6 male, 
10 female) 
 
 
 
ST 
ECG (3 lead) 
 
Analysis 
500Hz sample 
Metlab 
 
TD: RR interval, 
RMSSD 
 
FD (FF): LF, HF, 
LF:HF ratio.  
 
 
Reliability/validity:  
Manually reviewed ectopic 
beats.  
Reproducibility data from lab 
reported mean difference 
0.01±0.2 or SDRR.  
 
Inclusion/exclusion 
Disease: non diabetic but 
obese, duration of obesity also 
determined. Absence of 
diseases which affected CV 
function, orthostatic 
intolerance, syncopal 
episodes. Medical history and 
rest ECG before testing 
 
Other 
Posture: supine 
Breathing: no constraints  
Skin preparation, 10hr 
overnight 
PA not assessed or reported. 
RR interval values reported.  
 
Statistics 
ANOVA (bonferroni) comparison between 
normal, overweight & obese.  
Transformed data - log (LF, HF (NU)).  
 
Weight & HRV 
TD: No difference in RR interval or 
RMSSD between obese and normal.  
 
FD: LF (NU) and LF:HF ratio higher in 
obese than controls (58.2 ± 11.8 vs 39.9 ± 
10, P=0.001, 1.60 ± 0.84 vs. 0.70 ± 0.25, 
P=0.003), HF (NU) lower in obese than 
controls (41.8 ±11.8 vs.  60.1 ± 10, 
P=0.001).  
 
 
63% 
 
Soares- Miranda et al. 
(2011) 
 
To analyse the 
relationship between 
central adiposity and 
CANS function by HRV 
 
16 overweight/obese (>85
th
 
95
th
 age and sex).  
Female only  
8-16yr 
 
Group by weight  
DEXA 
 
ST  
Polar HRM  
 
Analysis 
Polar precision  
Kubios  
 
 
Reliability/validity 
NR 
 
Inclusion/exclusion 
 
Other 
Posture: supine 
 
Statistics 
Normality 
ANCOVA (adjust for age. Tanner, total 
body fat) 
 
Weight & HRV  
TD: RMSSD was not significantly different 
 
61% 
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in overweight & obese.  
 
Case control  
8 Central fat above mean 
value 50 
8 central fat below mean value 
50.  
TD: RMSSD 
 
FD (FF):  LF, HF (ms 
& NU), LF:HF ratio  
 
Breathing no constraints  
No drinks, 5-6pm, 
standardised conditions, quiet, 
nurse for testing.  
Avoid strenuous exercise 
HR values not reported. 
between central fat above or below 50
th 
centile.  
 
FD: LF (NU) and LF:HF ratio higher in 
central fat above 50
th
 percentile (P=0.018, 
P=0.019) than under 50
th
 percentile. HF 
(NU) lower in central fat above 50
th
 centile 
than below (P=0.019). HF (ms
2
) lower and 
LF (ms
2
) higher in central fat above 50
th
 
percentile than below 50
th
 percentile 
P=0.006).  
 
 
Chen et al. (2012) 
 
To explore the influence 
of puberty on autonomic 
development 
 
Case control  
 
171 children 
 
9-13yr 
 
Group by weight 
BMI 
 
84 overweight/obese (44 male, 
40 female) 
87 normal (44 male, 43 
female) 
  
 
ST  
ECG (3 lead) 
 
Analysis 
Frequency 500Hz 
 
FD (FF): HF, LF  
 
 
Reliability/validity 
Manual inspection and 
digitised  
 
Inclusion/exclusion 
Disease 
 
Other 
Breathing : normal  
Temperature 
Exercise (PA questionnaire 
and pubertal questionnaire). 
Avoid vigorous exercise and 
caffeine 2hr before testing.  
HR values not reported. 
 
Statistics 
t-test (group/HRV) 
regression (PA, maturation and HRV)  
 
Weight & HRV 
LF and HF (ms
2
) is significantly lower in 
overweight or obese compared to control 
(LF:5.9 ± 0.9 vs. 6.3 ± 0.8, P<0.05, HF 5.6 
± 1.3 vs. 6.3 ± 1.1). 
 
Weight, puberty & HRV 
No difference in puberty and HRV in 
control group. In obese group, LF and HF  
(Log) was significantly reduced in puberty 
group compared to prepuberty (P<0.05). No 
differences in puberty and post puberty 
group.  
 
Physical activity, weight, puberty and 
HRV 
Positive relationship between PA and HRV 
in pubertal obese group. Obese less active 
than control (P=0.01) 
 
58% 
 
Zhou et al. (2012) 
 
 
180 children 
100 Male, 80 Female  
 
LT  
ECG  
 
Reliability/validity 
NR 
 
Statistics 
Normal  
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To clarify whether 
multiple risk factors 
damage modulation in 
ANS in children.  
 
Cross sectional  
10 ± 1.2yr 
 
 Grouped by weight  
 BMI 
 
Analysis 
TD: SDNN, SDANN, 
RMSSD 
 
FD: LF, HF, LF:HF 
ratio.  
 
 
 
Inclusion/exclusion 
Healthy (health questionnaire)  
Pre existing arrhythmia. 
No drugs or disease 
 
Other 
24hr avoid strenuous exercise 
& stimulant foods. Avoid TV 
computer for 24 before ECG. 
Multiple regression  
 
Weight &HRV  
BMI & WC correlated negatively with 
RMSSD & HF.  
 
HRV & CV factors  
Reduced SDNN, RMSSD, LF, HF with 
increased risk factors  
 
 
Tonhajzerova et al (71) 
To examine whether 
evaluation of the cardio-
respiratory interaction 
using different methods- 
the heart rate and BP 
variables analysis & 
respiratory manoeuvres 
can reveal early 
subclinical autonomic 
dysfunction in obese 
adolescents  
 
Case control  
 
 
40 children  
16 male, 24 female 
12-18yr 
 
Group by weight  
BMI (IOTF) 
20 obese  (8 male, 12 female, 
14.8±0.5yr) 
20 healthy- matched by age & 
gender.  
 
 
 
ST  
ECG   
 
Analysis 
Sample frequency 
500Hz 
 
TD: RR interval.  
 
FD: HF 
HR values not reported  
 
 
Reliability/validity 
Software detection for RR 
waves (500Mz time series) 
 
Inclusion/exclusion 
No drugs or disease. 
 
Other 
Posture: supine 
Breathing: no control 
PA not assessed or reported. 
RR values reported  
 
 
 
 
Statistics  
Mann Whitney U test 
Unpaired t-test  
 
Weight & HRV  
TD: RR interval significantly shorter in 
obese (805 ± 17 vs. 939 ± 27, P=0.001). 
 
FD: HF significantly reduced in obese 
(P=0.043).   
 
 
 
 
55% 
 
Altuncu et al. (2012) 
 
Investigate MS 
parameters and CV 
autonomic system 
alteration in ANS and 
effectiveness of ST HRV 
to reveal CAD risk factors 
in early period in obese 
children.   
 
Case control  
 
106 children 
51 male, 55 female 
8-16yr 
 
Group by weight  
BMI 
66 obese (95
th
 centile)  
31male, 35 female 
40 healthy control (20  male, 
20 female) 
 
 
ST  
ECG  
 
Analysis 
Holter 
 
TD: HR 
 
FD (FF, 250ms): LF, 
HF, (ms & NU), LF: 
HF ratio.  
 
 
Reliability/validity 
Measurement manually 
revised by one operator.   
 
Inclusion/exclusion 
 Ectopic beats which were 
deleted and removed from RR 
sequence.  
disease: medical history & 
physical examination 
no drugs or metabolic disease 
 
 
Statistics 
t-test  
 
Weight & HRV  
TD: HR higher in obese (95.3bpm) than 
normal (77.5bpm, P<0.001).   
 
FD: No significant difference in LF 
between obese and control. HF was 
significantly lower in obese group than 
control group (obese 16 ± 13nu vs. 21 ± 14, 
P=0.046). LF:HF ratio significantly higher 
 
54% 
 
 
 
 
 
 
 
AC
CE
PT
ED
 M
AN
US
CR
IP
T
ACCEPTED MANUSCRIPT
 47 
Other 
Posture: sitting rest  
PA not assessed or reported.  
HR values reported.  
in obese compared to control (3.8±2.3 vs. 
2.3±0.9, P<0.01).  
 
 
 
Rabbia et al. (2003) 
 
To investigate CV 
autonomic function in 
pediatric obesity of 
different durations using 
time-domain, spectral, no 
linear methods 
 
Case control  
 
62 children 
13.9 ± 1.7yr (obese) & 12.9 ± 
1.6yr (control) 
 
Group by weight 
BMI 
50 obese (BMI: 97
th
 centile), 
12 Lean – sex matched. 
 
Recent obese (<4yr), 
Intermediate obese (4-7yr) 
long term obese (>7yr) 
 
 
LT 
ECG  
Sampling frequency 
rate 300Hz  
 
Analysis 
Holter 
 
TD: HR, RR interval, 
SDNN, SDANN, 
pNN50%, RMSSD 
 
FD (FF): HF, LF (ms & 
NU), LF: HF ratio. 
 
 
 
 
Reliability/validity 
Premature ventricular 
complexes, adjacent R-R 
intervals and noise were 
rejected by holter software.  
 
Inclusion/exclusion 
NR  
 
Other 
PA recorded as weekly hours 
in sport or play.  
HR values reported.  
 
 
Statistics  
Spearman’s rank (duration of obesity & 
HRV) 
Correct for height and left ventricular mass 
 
Weight & HRV 
TD: HR (day & night) higher in all 3 obese 
groups than control (P=0.001). SDNN, 
rMSSD, pNN50% (day & night) lower in 
obese groups compared to normal. No 
difference between obese and normal for 
SDANN and RR interval.  
 
FD: HF (NU) reduced and LF:HF ratio 
increased in obese than controls. No 
difference for LF(NU or ms).  
 
Other 
No difference in PA between obese and 
non-obese groups (P= 0.63).  
 
 
 
50% 
 
Faulkner et al. (2003)
 
 
To determine the effects 
of age, sex, race, BMI & 
tanner on ST CV tests & 
24 hour HRV.  
 
Cross sectional  
 
75 healthy adolescents 
15.0 ± 1.6 (13-18yr) 
49 female, 26 male 
  
14 African American 
 61 White 
 
Weight  
BMI 
 
 
 
LT  
ECG  
 
Analysis 
Holter 
 
TD: SDNN, SDANN, 
pNN50%, RMSSD 
 
FD (FF): LF, HF 
 
Reliability/validity 
QRS identified & labelled 
manually and edited for errors 
performed. Reliability/validity 
studies and reliability for short 
periods (3-65days) reported.  
 
Inclusion/exclusion 
Disease: acute, chronic illness 
excluded.  
128 samples 
 
Statistics  
Correlation  
 
Weight & HRV 
No correlation between BMI & autonomic 
measures.  
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Other 
No food, drink or smoking 
30mins before test,  
Temperature: 25-27 degree C.  
PA not assessed or reported.  
HR values not reported. 
 
Silvetti et al. (2001) 
 
To define the values of 2h 
HRV in normal children, 
adolescent divided by 
age/gender.  
 
Cross sectional  
 
103 children 
57 male, 46 female 
1-20yr 
 
Weight 
BMI 
 
 
 
 
  
 
 
LT 
ECG 
 
Analysis 
Holter  
Medilog excel (analyse)  
 
TD: RMSSD, 
pNN50%,  
 
 
Reliability/validity 
Tapes scanned by cardiologist, 
QRS identified, 
 
Inclusion/exclusion 
ECG shorter than 20h.  
Artefacts, premature atria and 
ventricular beats or pauses 
removed 
Artefacts, ectopic, and normal 
beats recognised and classified 
by template-matching 
techniques.  
No drugs or history of 
syncope.  
Participants engaging in 
competitive sports excluded 
 
Other 
HR values not reported 
 
Statistics 
Normality  
Correlation  
 
Weight & HRV 
BMI Significantly associated with pNN50% 
& RMSSD (Adjusted for sex & age)  
  
 
50% 
 
Paschoal et al. (2009) 
 
Effect if obesity in HRV, 
blood lipid & physical 
capacity of obese 
children.  
 
Case control  
 
30 children 
15 male, 15 female 
9-11yr  (9.8 ± 0.7) 
 
Group by weight 
BMI  
15 obese (95
th
-97
th
 centile, 
8boys, 7girls) 
 
15 non obese (5-85
th
 centile, 
 
ST 
Polar S810i  
 
Analysis 
Polar precision 
 
TD: HR,RR interval, 
SDNN, RMSSD, 
pNN50% 
 
 
Reliability/validity  
NR 
 
Inclusion/exclusion 
No medication that could 
interfere 
 
Other 
Posture:  supine (12min) & 
standing (7 min). 
 
Statistics 
t-test or Mann Whitney U test 
 
Supine:  
No difference in obese vs. non obese.  
 
HR and RR interval not significantly 
different between obese groups.  
 
Obese vs. non obese standing 
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7boys, 8girls) 
 
 
FD (FF): LF, HF(ms & 
NU), LF:HF ratio 
 
 
 
no stimulants  
8hrs sleep.  
Temperature controlled 
No sports 24hr prior or 
2months prior.  
PA: parental interview  
Fitness: progressive exercise 
test.  
HR and RR interval values 
reported.  
LF (NU) (0.71 ± 13.8 vs. 56.3 ± 18.8) and 
LF:HF ratio (3.8 ± 3.9 vs. 1.7 ±  0.9, 
P<0.05) was significantly higher in obese. 
No difference in SDNN, RMSSD, 
PNN50%, LF, HF (ms
2 
and NU).  
 
Supine vs. standing for obese 
Increases in HRV in supine for obese (mean 
RR, SDNN, RMSSD, pNN50% (P<0.05). 
LF, HF (ms
2
 & NU) significant higher in 
obese.  
 
Other 
Obese lower fitness capacity (reduced 
distance on test, shorter time and lower 
peak VO2) than normal weight children.   
 
 
Kazuma et al. (2002) 
  
Examine relationship 
between HRV & age 
 
Case control  
 
70 healthy (male only)   
6-12yr 
Japanese 
 
Weight 
12 obese, 53 normal, 5 thin 
(obese over 20%, normal 10-
20%, thin under >10%).  
 
 
 
LT  
ECG  
 
Analysis  
Holter 
 
FD (FF): LF, HF  
 
 
 
Reliability/validity 
RR not equal so used cardiac 
curve using 3 % curve spline, 
instantaneous RR at 125ms & 
reconstructs each RR series of 
512S. Hanning windowing 
function to measure spectral 
leakage 
 
Inclusion/exclusion 
If supreventricular premature 
contraction shorted than 80% 
of proceeding.  
No history of CV disease, 
hypertension, or other medical 
problems.  
 
Other 
PA not assessed or reported.  
HR values not reported. 
 
Statistics 
One way ANOVA,  Krustal Wallis Test 
 
Weight  & HRV 
No difference in LF, HF (24hr, sleep or 
wake) between thin, normal & obese.  
 
LF:HF ratio no significant difference for 
24hr, wake, sleep.  
 
45% 
AC
CE
PT
ED
 M
AN
US
CR
IP
T
ACCEPTED MANUSCRIPT
 50 
 
Birch et al. (2012) 
 
To investigate the 
association between HRV 
and weight status in 
children.  
 
Case control  
 
182 children 
87males, 95 female 
6-11yr  
 
Group by weight 
 BMI (IOFF) 
 Obese  
Normal weight 
 
 
ST  
HRM (Sunnto)  
 
Analysis 
Kubios 
 
TD: RR interval, 
RMSSD, pNN50% 
 
FD (FF): LF, HF, 
LF:HF ratio  
 
 
Reliability/validity 
NR  
 
Inclusion/exclusion 
NR 
 
Other 
Posture: supine 
Breathing not controlled  
Morning testing  
Temperature controlled 
PA not assessed or reported.  
RR interval values  reported 
 
Statistics 
Correlation between Pearson correlation  
t-test (HRV/ sex/weight ) 
2 by 2 ANCOVA (controlled for age)  
 
Weight & HRV 
TD: RMSSD, pNN50% significantly lower 
in overweight, obese children compared to 
normal weight (P<0.05). No difference in 
RR interval.  
 
FD: Overweight/obese significantly lower 
HF power compared to normal (P= 0.02). 
No difference in LF, HF:HF ratio (P>0.05) 
between groups, no gender differences were 
observed (P>0.05).  
 
Correlation: BMI significantly inversely 
related to RMSSD, pNN50% (P<0.01). No 
difference in frequency domain (LF and 
HF). 
 
Data ANCOVA: age significant as a 
covariate for RMSSD (P=0.014) RR 
interval (P=0.017) 1 year increase in age is 
associated with reduction of 9.4ms and 
increase 11.4ms for RMSSD and mean RR.   
 
42% 
 
Martini et al. (2001) 
 
To assess early signs of 
cardiac autonomic 
dysfunction (time & 
frequency domains)  
 
Case control  
 
45 children 
24 male, 21 female 
 
Group by weight 
Obese (<97
% 
)
 
using Rollan 
and Cachera (3yr pervious 
stable weight) 
 
 
32 non diabetic obese  (13.9 ± 
1.7yr, 17 male, 15 female) 
 
LT 
ECG  
 
Analysis 
Holter 
TD: SDNN,SDANN 
pNN50%, RMSSD  
 
FD (FF): LF, HF, 
(absolute & NU).  
 
Reliability/validity  
Digital identification and 
labelling of QRS complex.   
 
Inclusion/exclusion 
Premature ventricular 
complexes & adjacent RR 
intervals, electrical noise were 
rejected by the software  
 
 
Statistics 
Mann Whitney U test 
Spearman correlation  
 
WEIGHT AND HRV 
TD: RR interval, RMSSD & pNN50%, 
significant increase in non obese than obese 
(P<0.05). No difference in SDNN and 
SDANN. HR increased in obese (P=0.02).  
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13 matched healthy lean  (12.9 
± 1.6yr, 7 male, 6 female) 
 
 
 
LF: HF  ratio  
 
Other 
PA not assessed or reported.  
HR and RR interval values 
reported.  
 
 
 
 
 
FD: LF (NU) was not significantly different 
between obese & non obese for day, night 
& 24hr. HF (NU) 24hr significant increase 
in non obese than obese (P=0.035) and 
increase at night in non-obese than obese 
(P=0.04). LF:HF ratio increase in obese 
than no obese (P=0.035) & night time 
(P=0.03) no difference for daytime.  
 
Riva et al. (2001) 
 
Case control  
 
47 children 
 
Group by weight 
23 non diabetic obese (13.9 ± 
1.7yr) 
14 sex matched lean (12.9 ± 
1.6yr). 
 
 
LT 
ECG  
 
Analysis   
Holter  
TD: mean NN, SDNN, 
SDANN, RMSSD, 
pNN50% 
 
FD (FF): LF, HF, (ms, 
NU), LF:HF ratio.  
 
 
Reliability/validity 
NR 
 
Inclusion/exclusion 
NR 
 
Other 
PA not assessed or reported. 
HR values not reported.  
 
 
Statistics 
t-test 
Mann Whitney U test  
Spearman rank  
 
WEIGHT & HRV 
TD: SDNN, SDANN, RMSSD, pNN50% 
was significantly higher in control than 
obese. 
 
FD: LF (NU) significantly higher 24hr & 
day in obese compared to control. No 
difference at night. HF (NU) no significant 
difference (24hr, day, night) between obese 
& control. LF:HF ratio significantly higher 
in obese for 24hr, day, night compared to 
control.  
 
32% 
BMI - body mass index, CV – cardiovascular,  ECG – electrocardiogram,  FD - frequency domain,  FF - fast Fourier transform,  HF - high frequency power,  HRM - heart rate monitor, HRV - heart rate variability,  
HR - heart rate,   hr – hour,  LF - low frequency power,  LF:HF - low frequency to high frequency ratio,  LT - long term,  NDA - normal daily activity,  NR - not reported,  PSA - power spectral density,  QIS - quality 
index score, S – seconds,  TD - time domain, TP - total power, yr - years. 
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Highlights 
 We review the influence of childhood age and obesity on heart rate variability. 
 During infancy parasympathetic activity increases relative to sympathetic activity. 
 This trend continues throughout early-to-late childhood but at a reduced rate. 
 Childhood obesity disrupts the normal maturation of cardiac autonomic control. 
 Cardiac parasympathetic activity is decreased in obese children. 
